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ABSTRACT
This paper describes the textural characteristics 
of the southern thirteen barrier islands of the Delmarva 
Peninsula during March-April 1971. Three of the islands 
(Assateague, Parramore, and Wallops) were visited both 
before and immediately following a severe storm.
A rapid sediment analyzer (RSA) was used to process 
465 sand samples collected from various beach zones along 
the islands at a longshore sampling interval of 0.5 mi 
(0.9 km). Data processing was expedited by the develop­
ment of a size statistics (weight-percent) FORTRAN IV 
program which parabolically interpolates 0.5 4> input 
data to 0.1 $ intervals, then computes moment values 
through kurtosis in phi units.
On the basis of the above textural variations, the 
lower Delmarva Peninsula is apparently comprised of three 
distinct textural sub-regions, based on sedimentological, 
paleo-stratigraphic, geomOrphic, and geophysical evidence 
examined in this paper. The proposed divisions consist 
of a northern Assateague Subregion, a Central Xnlet-MarSJh 
Subregion which may be the former course of the Potomac 
and Susquehanna Rivers and/or a downthrust block lying 
adjacent to one or more trans-peninsula faults, one of
ix
which possibly passes through or near Wachapreague 
Inlet; and a Southern Inlet-Marsh Subregion which is 
probably an area of uplift.
An exposure of coarse, iron-stained sediment near 
the south end of Assateague Island is possibly contri­
buted by a relict Pleistocene ridge, which was once 
located on the shelf, but has since been exposed to the 
modern zone of wave activity as a result of southward 
growth of Fishing Point during the last century. Alter­
natively, this anomolously coarse concentration of sand 
and gravel may define the northern boundary of a paleochan­
nel of the Potomac and Susquehanna Rivers postulated to 
have been active during past glacial lowerings of sea 
level, and to have since been uplifted.
On Assateague Island, beach zones seaward of the 
dunes are size-statistically indistinguishable from one 
another. However, they are collectively differentiable 
from dune sands along many beach transects. Poor corre­
lation exists between mean grain size and other moment 
measures with the exception of standard deviation (sorting), 
which varies inversely with mean size in samples coarser 
than 0.35 mm (1.5 .
On the three islands that were sampled before 
and immediately after a severe northeasterly storm, fore­
shore size distributions after the storm suggest erosion 
of the adjacent dunes and mixing of such eroded material
into the previously coarser foreshore sand.
x
INTRODUCTION
This paper presents a study of the barrier beach 
sediments of the southern Delmarva Peninsula, otherwise 
known as the barrier islands of the Eastern Shore of 
Virginia (Figure 1). It is based on a suite of 465 
sand samples collected in March and April 1971.
These narrow strips of sand parallel the length of 
the Virginia coast north of Cape Charles and are bounded 
by numerous tidal inlets. The islands vary in length 
from 5 to 25 kilometers and range from less than 100 
meters to about 1 kilometer in breadth. They are sepa.- 
rated from the peninsular mainland by salt marshes and 
lagoons up to 15 kilometers wide. The island complex 
is migrating landward over these marshes, more rapidly 
in some areas than in others.
Most of the islands are unpopulated by man, probably 
because they are accessible only by water. Consequently 
they offer an excellent natural laboratory for the study 
of beach sediments and processes.
Purpose of the Study 
The initial purpose of this work was to describe 
possible regional variation in foreshore sediment grain
1
2size along the length of the southern Delmarva"barrier 
system. Accomplishment of this primary objective re­
vealed a previously unsuspected sharp decrease in grain 
size to the south in the vicinity of Wachapreague Inlet. 
The author was motivated to provide explanation for this 
startling phenomenum, and soon found himself exploring 
other geophysical and geological characteristics of the 
region.
A second objective was to determine if various 
beach zones in the study area may be reliably identified 
by examination of the textural (size) characteristics of 
the sand populations of which they are composed.
During the course of field work, opportunity arose 
to compare size distribution patterns on several islands 
both one day before and one week after a severe northeast 
storm. Thus, an examination of the short-term effect 
which that storm had on the size composition of those 
beaches was made possible.
Previous Investigations
The geologic history of the Atlantic coastal plain 
and shelf has been addressed by numerous authors. Ele­
vated marine terraces have been interpreted to be 
resultant of either isostatic rebound (Harris, 1894), 
eustatic adjustment of sea level (Cooke, 1930; Fairbridge, 
1961; and Shepard, 1964), or some combination of these 
phenomena (Shepard, 1964; Newman and Rusnak, 1965;
Harrison et al., 1965; Newman and Munsart, 1968; and 
Harrison, 1972).
Recent geophysical investigations of total magnetic 
field intensity (Taylor et al., 1968; Sabet, 1973) and 
gravity (Sabet, 1973) suggest a historically unsuspected 
element of basement control in the modern barrier system. 
Stratigraphic and structural insight to the area is 
provided by Hack (1957), Woollard (1958), Harrison et al.
(1965), Harrison (1972), and DeAlteris (1973).
The development of barrier islands and beaches has 
been discussed by Hoyt (1967, 1968), Hoyt and Henry 
(1967); Fisher (1968); Kraft et al. (1973); Harrison 
(1972); and DeVries (1970). Similar barriers outside 
the immediate area of study have been examined by El Ashry 
and Wanless (1969), Hoyt and Hails (1967), Pierce (1968), 
and others.
R. D. Baker, Senior Lifeguard at Assateague Island, 
related (1972) that his beach surveys within the study 
area are conducted during summer by his lifeguards on 
that beach. Further, the Coastal Engineering Research 
Center of the U.S. Army Corps of Engineers is currently 
studying sediment erosion along Assateague. Shore line 
changes for the last century have been summarized by 
Gwane (1966) for Assateague, and by Byrne (1973) for 
the entire lower Delmarva Peninsula. The Department 
of the Interior has sponsored an exhaustive environmental 
study of the Maryland portion of Assateague (University
4of Maryland, 1971). The findings of this study are 
applicable to the Virginia sector of that island and 
other barriers to the south.
Cedar and Parramore Islands have been described 
by Newman and Rusnak (1965), Newman and Munsart (1968), 
Callahan et al. (1970), Bullock (1971), Devries (1970), 
and DeAlteris (1973). The Virginia Institute of Marine 
Science monitored foreshore profiles on Parramore, Cedar 
and Metomkin Islands for several years (Tyler, VIMS, 
personal communication, 1971), however, this program 
has recently been cancelled (Goldsmith, VIMS, personal 
communication, 1974).
Nichols (1973) determined the basic distribution 
of sediments on the inner shelf seaward of the Delmarva 
Peninsula barriers. Goldsmith et al. (1973) produced 
a superbly detailed bottom contour chart of the Virginian 
Sea (continental shelf between Cape May and Cape Hatteras).
However, prior to the present investigation, no 
comprehensive study of the textural characteristics of 
the barrier islands of the Lower Delmarva Peninsula has 
been conducted.
CHAPTER I
DESCRIPTION OF THE AREA
Littoral Drift 
Net littoral drift and sand transport in the study ; 
area appears to be to the south. Quantitative measure­
ments of longshore sediment transport volume along the 
Virginia barrier islands not been made to date, however, 
consideration of the impinging wave spectra suggest that, 
although there may be a summer reversal of drift, the 
winter wave climate determines the net southerly direction 
of longshore current and littoral sand transport along 
the northern Virginia coast.
Regional Morphology 
Turner (1970) and Biggs (1970) suggests that the ; 
Atlantic shoreline within the area of study should be 
considered as two land form types. Assateague, Turner 
points out is " . . . an essentially continuous barrier 
island, backed by headlands or lagoons . . . while the
southern part, characterized by numerous inlets and 
marshes, extends from Chinconteague Inlet to Cape Charles." 
The writer believes that these divisions less than
• 5. ":v:"
6adequately define the area in light of mutually supporting 
morphological, geophysical, paleo-stratigraphic, and 
textural evidence, discussed later, which suggest division 
of the "southern inlet-marsh" into a "central inlet-marsh" 
and an uplifted "southern inlet-marsh".
Orientation of the barrier shorelines varies from 
north to south along the coast (Figure 1): Assateague
Island, including its Maryland portion, is generally 
oriented convex to the sea? the central inlet-marsh bar­
riers (Wallops through Cedar Islands) are aligned concave 
to the sea. The southern inlet-marsh barriers (Parramore 
to Smith Island) are offset about an arcuate axis that 
sweeps southwest, convex to the sea. Longshore axes of 
the individual islands within this subregion generally 
lie perpendicular to the impinging southeast summer swell.
Debate concerning the nature of controlling mech­
anisms which determine the evolution of barriers con­
tinues, however, most researchers are agreed that they 
are Holocene transgressive features which are retreating 
landward over former marsh facies. This retreat is felt 
by them to be due to a combination of gradually rising 
sea level, erosion of the beaches by waves, and filling 
of the marshes with beach sand by wave washover during 
storms.
Byrne (1973) traced shoreline changes in the study s • 
area over the last century. These data, which delineate 
changes during the period 1852 to 1962 using U.S. Army
Corps of Engineers and U.S. Coast & Geodetic Survey 
shoreline maps, indicate that barrier recession rates 
are not uniform, rather, that they vary both areally 
and temporally.
Bathymetry
The inner shelf (five fathoms, ten meters) is 
approximately four kilometers in width off Assateague 
(Figure 1) and other islands north of Wachapreague 
Inlet except where it locally broadens seaward of 
Chincoteague Inlet. South of Wachapreague Inlet, the 
inner shelf progressively broadens to a width of about 
13 kilometers off Fishermans Island.
Uchupi (1968), Sanford (1970), and Swift (1972) 
discuss the "ridge and swale” topography of the Atlantic 
Central shelf. These ridges are obliquely attached to 
the shoreface at a depth of six to thirteen fathoms 
(Swift, 1972). They may be former subaerial coastal 
features, now submerged, which have withstood erosion 
by subsequent marine transgressions, or they may be 
Holocene responses to modern waves and currents. Moody
(1964) and Swift (1970) have provided data which suggests 
shoreward shifting of the ridges of the Delaware coast 
and False Cape, Virginia, respectively.
Detailed bathymetry of the area is provided by 
Goldsmith et al. (1973) in the Virginia Institute of 
Marine Science's chart, Bathymetry of the Virginian Sea.
8Sediment Source Areas
Turner (1971) discusses possible sources of beach 
sand in the area. He eliminates fluvial supply as being 
effectively cut off by the drowning of the East Coast as 
sea level has risen during the last 7,000 years. Remain­
ing sediment source areas are reduced to the eroding 
Delaware headland, ridges on the central shelf,.and 
Pleistocene sediments which underlie the modern sand 
prism.
According to Swift et al. (1970) and Kraft (1973), 
the eroding Delaware headland is the source of material 
which forms Assateague Island. They consider the Middle 
Atlantic Bight to be divisible into five compartments, 
each comprised of a headland-nourished mainland beach 
with a flanking spit at the northeast end and a sediment- 
starved barrier island chain extending to the southwest.
Uchupi (1968) completed a physiographic study of 
the ridges on the middle Atlantic shelf which suggests, 
in concurrence with Moody (1964), Sanford (1970), and 
Swift et al. (1972),that these features are active today 
and are a potential source of material for the modern 
barrier system.
CHAPTER II
METHODOLOGY
Field Methods 
The upper foreshore of the seaward facing barrier 
beaches was sampled at a nominal 0.9 kilometer (0.5 mile) 
interval from the Maryland state line to the southern 
end of Fisherman's Island, which lies in the mouth of 
the Chesapeake Bay. It had been intuitively postulated 
and was subsequently demonstrated that this sampling 
interval is sufficiently small to detect both local and 
regional trends over this coastal length of some 154 
kilometers. On Assateague Island, additional samples 
were collected along beach transacts normal to the shore 
at alternate foreshore stations, providing a grid-series 
sub-suite of samples from that area. Islands south of 
Assateague were similarly sampled at their north and 
south ends, and at their approximate mid points.
Along the above transects, samples were obtained 
from the upper foreshore, berm crest, backshore, and 
dunes. The size distribution of sand within these zones 
were to be examined for two reasons: (1) It was
anticipated that the population within each zone would 
be related to and reflect locally available sand and the
9
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forces which act upon it and, (2) It was expected that 
these beach zones would be easily identified by their 
respective morphologic configurations. In actuality, 
however, the selected zones were seldom recognizable in 
the field, sometimes coinciding with one another or being 
absent entirely, particularly after the storm of 6 March 
1971.
To legitimately compare data collected throughout 
the study area, samples had to be obtained rapidly and 
under essentially constant meteorologic and oceanographic 
conditions. Assateague, Wallops, and Parramore Islands 
were initially sampled during the latter part of March, 
after a ten-week period of stable weather. A severe 
storm, however, hit the study area on 6 March. The 
prerequisite for constant environmental conditions de­
manded resampling of these islands before continuing the 
project. This unexpected development provided an oppor­
tunity for comparison of samples taken immediately before 
and after the storm, which provide insight into the effect 
which it had on the beaches.
At each sampling site, a core of near-surface sand 
(6 cm diameter x 15 cm deep) was collected with a 
gardener's "bulb planter". It was initially felt that 
samples obtained with this tool would better reflect 
average recent conditions than might samples collected 
from the surface layer only-— a possible error which will 
be discussed later.
The inaccessibility of the islands and requirement 
that samples be collected rapidly made transportation a 
significant problem. Vehicles were available on 
Assateague, Wallops, and Parramore Islands, however 
sampling of the other islands required that a mini-bike 
be purchased which was sufficiently compact to be trans­
ported by small outboard motorboat. The machine was 
modified to include an odometer and storage compartment 
for samples and equipment. Although the vehicle weighed 
less than 50 kilograms (100 lbs), it was capable of 
carrying the writer at speeds to 50 kilometers (27 miles) 
pet hour on the firm, damp sand of the lower foreshore.
Sampling positions were determined by means of 
topographic and man made features where available. Inter­
polated position determinations between these points were 
accomplished on U.S. Geological Survey topographic maps 
by scaling at the nominal 0.9 km interval determined by 
odometer. It should be noted that the three vehicle 
odometers used were not "calibrated" against one another. 
Therefore, dead reckoned longshore sample positions are 
subject to minor errors (+ 100 meters maximum, subjective 
estimate) generated by a combination of instrumental 
differences, longshore variation in trafficability 
(surface bearing strength) on the lower (damp) foreshore 
sediment, and inaccuracy in topographic map representation 
of ground truth. A key to the author * s dead reckoned 
sample positions is provided in Appendix I. Detailed
12
station position plots are avilable in a supplemental 
volume to this paper which is available at the Library 
of the Virginia Institute of Marine Science.
Laboratory Methods 
Samples were repackaged each evening and checked 
against daily field notes to avoid question in subsequent 
sample identification. After providing reference cuts to 
the Virginia Institute of Marine Science (VIMS), samples 
were shipped to San Diego, California where they were 
analyzed in the Sediment Laboratory of the Pacific Support 
Group of the U.S. Naval Oceanographic Office.
Sample Preparation
As the samples contained no significant amounts of 
silt ( ■£ .1%, estimated by author), wet sieving at 0.062 
mm was not required. Samples were washed with distilled 
water to remove salt and then decanted to skim off minor 
bits of vegetation and-flotsam.
Size Determination
A modified Wood's Hole Rapid Sediment Analyzer (RSA) 
was employed to obtain continuous cumulative grain size 
distribution curves for the sediment comprising each 
sample. The RSA used (Schlee, 1966) is similar to the
iO
instrument discussed in detail by Sanford (1970), except 
that the writer's instrument included an electro-mechanical 
device for injecting the sample into the water column.
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After analyses were completed, it was noted (Byrne, 
personal communication, 1973) that the generated curves 
did not appear to reflect "instantaneous" loading of the 
samples in the settling tube. Investigation revealed 
that the RSA strip chart recorder used by the author 
includes a 1.0 second time delay damping circuit to 
improve plot stability and guard against electronic 
transients. This feature results in a recording at any 
timet of the weight-percent of sample still in suspension 
averaged between timet and time sec . Maximum esti­
mated error due to this damping is +3.0 percent on 
extremely steep curves, averaging about +1.5 percent on 
most curves. This error is considered to be insignificant 
insofar as the requirements of this study are concerned.
In accordance with the recommendations of Schlee 
(1966), samples were analyzed only when the temperature 
of distilled water in the settling tube was between 21 
and 23°c# monitored by a temperature recording system, 
the sensor of which was maintained in a beaker of water 
mounted adjacent to the settling tube. A minimum of two 
analyses was made on each sample. Cumulative curve pairs 
were visually inspected for general agreement to diminish 
the possibility of improper sample splitting, instrument 
malfunction, and/or operator error.
The "phi" grade scale (Krumbein, 1934) was selected 
as the working measure of size to facilitate computation 
of statistical measures and interpretation of data. / 0ftho >
/  VIRGINIA INSTITUTE 
\ of
\  MARINE SCIENCE /
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Since $ = -log2X, where X = grain diameter in millimeters, 
the phi scale affords a means by which the logarithmic 
equivalents of geometrically spaced grain diameter 
boundaries may be treated arithmetically.
A modification of the overlay method of Schlee
(1966) was used to evaluate the RSA size distribution 
curves. Two drafting flat bars were aligned to form a 
channel through which the scrip chart records were ad­
vanced over a suitable time-size intercept scale. The 
cumulative curves were read at 0.5 0 intervals to provide 
sufficient data points to adequately describe them in 
subsequent data processing, which included parabolic 
interpolation to 0.1 0 intervals prior to calculation 
of statistical values (Schlee and Webster, 1965).
To provide a measure of analytical repeatability, 
fifty randomly selected pairs of RSA cumulative curves 
were tested for agreement of statistical properties.
The means of computed statistical values for each sample 
were accepted unless the difference between computed 
values for any parameter was greater than the difference 
between the paired values computed for 90 percent of 
the fifty control sample pairs. In these exceptional 
cases detailed examination of size-frequency data and/or 
additional RSA analyses provided acceptable values. 
Averaging of acceptable paired sample values provides 
statistical accuracy at the 90 percent confidence level 
as listed in Table I.
15
TABLE I
ESTIMATED ACCURACY OF COMPUTED STATISTICAL VALUES
AT 0.90 CONFIDENCE LEVEL
Statistical Measure Estimated Accuracy
Mean + .010 mmmm
Mean ^ ± -045 0
Median^ ± *045 0
Mode^ + .040 0
Std. Deviation^ ± 025 0
Skewness^ + .140
Kurtosis^ + .235
16
Mineralogy and Shape
Binocular microscopic examinations revealed a 
predominance of quartz sand with virtually no shell or 
other biogenic matter. Samples from each of the islands 
were subjected to 100-grain counts which determined the 
ratio of iron-stained to clear or frosted grains to serve 
as an index to the percentages of relic and modern sands, 
respectively. Further, a qualitative estimate of the 
ratio of rounded to angular grains was made. These data 
are graphically presented in Figure 6.
Data Processing
Size Statistics Program
A FORTRAN IV program (Appendix II) was developed 
which uses the statistical sub-routines of Hill (1967) 
to process 0.5 0 interval input data which have been 
parabolically interpolated to 0.1 0 size class intervals 
according to the method presented by Schlee and Webster
(1965). The program lists weight-percent composition 
for each sample by 0.5 0 class intervals. Sample coding 
sheet, step print out, and sample data listing for the 
program are included with the basic program in Appendix
II. Definitions and formulae used to compute statistical 
measures are provided in Table II. A complete computer 
listing of all statistical data for all sample analyses 
would be too voluminous (150 pages) for inclusion in this
17
TABLE II
DEFINITIONS AND FORMULAE USED TO COMPUTE
STATISTICAL MEASURES
Grain Size 
Distribution
Meanmms
Mean
Median^:
Mode^:
Standard
Deviation
Percent of total sample weight within 
0.5^ size classes between -2.0 and 
+4.%.
The geometric mean of the distribution 
expressed in millimeters.
The logarithmic mean of the distribu­
tion expressed in phi units (-log2) 
of the diameter in millimeters.
That diameter^ which is larger than 
50 percent of the diameters in the 
distribution, and smaller than the other 
50 percent.
That diameter^ which is most frequent 
in the distribution.
A measure of the degree of spread or 
dispersion of the distribution about 
the phi mean expressed in phi units:
\j f(Xi-X) /100
Skewness
Kurtosis^:
A measure of the assymetry of the 
phi distribution. Positive values 
denote skewness of the distribution 
toward the fine particles; negative 
values denote skewness toward the 
coarse particles. A normal distribu­
tion has a skewness of 0:
Skew = 1 2s”3 f (X—  X)3
100
A measure of the peakedness of the phi,
distribution. 
"leptokurtic" 
than normal)? 
"platykurtic" 
than normal). 
kurtosis of 0 
1
Positive values denote a 
distribution (more peaked 
negative values denote a 
distribution (more flat 
A normal curve has a
Kurt
(from Ross et al., 1974)
100 s 4 f(Xi-X)4_3
18
paper. Accordingly, averaged statistical data (Mean,
Mode, etc.) for the samples is graphically presented 
in Figures 2, 3, 4, and 14. Values are averaged from 
the several accepted size determinations made on each 
sample. The full data listing is available in the 
supplemental volume to this thesis in the library of 
the Virginia Institute of Marine Science.
Statistical Tests
The Students' "T"-test for significant difference 
between paired sample means, modified after Toomey (1970), 
was utilized to determine the certainty with which one 
can, along any shore-normal beach transect, differentiate 
between the sands of which the various beach zones are 
composed, according to the test criterion:
rp  —   d ___________________
2 2(d -nd )/n(n-l) (after Toomey, 1970)
where: d = x, - x
1 2
d = *11 - X 21
d = x -^2 “ x22 etc*
N - Sample Size 
If the calculated "t" exceeds the critical "t" at 
the 5 percent level of significance (95 percent level 
of confidence that the sample means are from different 
populations), the difference is considered to be signi­
ficant. T-test results are provided in Table IV.
19
X-Y scatter plots of numerous statistical values 
were tested for linear correlation according to the 
method of Toomey (1971). These results appear in 
Figures 8-13.
CHAPTER III
DISCUSSION
The sands which comprise the Virginia barrier 
islands vary in size from very coarse to very fine, 
predominantly in the medium to fine range. Silt and 
clay are rare except where peat-marsh facies are locally 
exposed on the lower foreshore. Material coarser than 
2 millimeters is encountered only in a few areas of 
shell deposit found in the vicinity of marsh inlets.
Regional Considerations
Sediment Distribution— A Problem
Figure 2 presents the variation in mean grain size, 
standard deviation, skewness, and kurtosis in upper 
foreshore sands throughout the study area. In this 
figure, sediment size statistics (X-axes) are plotted 
against geographical position (Y-axes) south of the 
Maryland State Line, assuming a linear coastline. The 
foreshore zone was selected for regional analysis because 
it was found to be size-statistically indistinguishable 
from other zones of the beach which lie seaward of the 
dunes. Further, on islands to the south of Assateague, 
zones other than the foreshore, and occasionally the 
dunes, could not be reliably defined in the field due
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to extensive damage from the 6 March storm. Finally, 
although dune samples tend locally to be finer than 
adjacent foreshore samples, grain size in them varies 
regionally in a manner similar to regional variation 
in the foreshore (Figures 3 and 4).
The most remarkable finding of this investigation 
is a previously unsuspected, abrupt decrease in grain 
size along Cedar and Parramore Islands. Although•there 
are large variations due to local causes, mean grain 
size regionally decreases southward from the Maryland- 
Virginia boundary to Wachapreague Inlet. In the vicinity 
of this inlet, however, a startling acceleration in the 
rate of southward decrease in average particle diameter 
is apparent along the southern half of Cedar Island and 
the northern end of Parramore Island; mean grain size is 
diminished by 50 percent, falling from 0.31 mm to 0.15 mm 
over just an eight-mile (15 km) distance 1 Foreshore 
mean grain size tends to remain constant at about 0.15 mm 
along the southern half of Parramore and the six islands 
which lie to its south, except in areas of minor local 
variation. The existence of two distinct sand populations 
separated by a transition zone in the vicinity of 
Wachapreague Inlet and south Cedar Island is clearly 
suggested.
Consideration of sediment sorting^ (standard 
deviation) further recommends delineation of separate
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northern and southern sand populations (Figure 2) .
Although sorting throughout the area is good to moderate 
(0.35 0 -  1.0 Folk, 1968) sands north of the transition 
zone are distinctly less well sorted than are the well 
sorted sands found to its south. A correlation scatter 
diagram (Figure 5a) of mean diameter versus standard 
deviation reveals an inverse correlation between these 
parameters in all beach sands coarser than 0.25 mm (2.0), 
yet no such correlation in finer sand. This may merely 
reflect the fact that sorting in natural sediments improves 
with decreased mean diameter (Folk, 1968), however, it 
is interesting to note that 0.25 mm defines the northern 
limit of the transition zone which separates the author's 
proposed central and southern inlet-marsh sand populations.
Hypothesizing two populations is further warranted 
by consideration of a correlation scatter diagram of 
mean diameter^ versus skewness^ (Figure 5b), which 
similarly shows a strong correlation between skewness 
and size in coarser samples, which is nonexistent in 
sands finer than 0.17 mm. Interestingly, 0.17 mm 
defines the mean-diameter southern limit of the textural 
transition zone.
The transition zone which separates the northern 
and southern sand populations encompasses Wachapreague 
Inlet. The writer was unable to secure estimates of 
the amount of sediment bypassing this inlet, however, 
an accreted sand mass at the north end of Parramore
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Island suggests that some degree of bypassing does 
occur. DeAlteris (1973), in an intensive study of 
Wachapreague Inlet, concluded that fine material does 
bypass the inlet, reporting coarse sand and shell matter 
in the throat of the inlet channel. Beach sands north 
of Wachapreague Inlet are well rounded and contain but 
small amounts of angular material (0 - 10 percent).
South of the inlet, however, the amount of angular to 
sub-angular material increases to as much as 80 percent 
on Wreck, Ship Shoal, and Myrtle Islands (Figure 6).
The distribution of foreshore sediments along the 
beaches north of Wachapreague Inlet may reasonably be 
explained by considering a single source area (the 
Delaware Headland) which is being eroded and thus 
providing material for the barrier chain which extends 
southwest along the Delmarva Peninsula. North of 
Wachapreague occur well rounded grains which, discounting 
local anomolies, gradually decrease in mean size with 
transport distance south from the source area. However, 
a hypothesis employing a single sediment source area 
cannot adequately explain the rapid decrease in size 
along the Cedar Island and north Parramore Island coast.
Kuenen (1968) concluded, on the basis of both 
laboratory experimentation and field observation, th^ J*. 
the predominant agent of abrasion in beach sands may 
be wind rather than water. He proposed that for every 
mile of longshore hydro-transport to which a grain is
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subjected, the same grain may be subjected to tens or 
even hundreds of miles of aeolian trans-beach transport. 
During such saltation, grains are battered against one 
another with great force. Medium and larger grains possess 
sufficient mass to fracture and chip pieces off one 
another, however, the finer grains cannot accomplish such 
destruction. Freshly fractured medium and coarser grains 
tend to become rounded as their corners are thus chipped 
off, but these chips and finer particles are not further 
rounded.
If, for some reason, the velocity of southerly 
longshore drift dropped significantly in the area of the 
textural transition zone (which does not appear to be the 
case), one might employ Kuenen's (1968) findings, in 
consort with selective transport, to provide a credible 
explanation for the great difference between the rounded, 
coarser material found north of the inlet and the angular, 
finer sand which lies to its south. Such a model would 
require that currents south of Wachapreague Inlet be 
insufficiently powerful to transport the larger, rounded 
grains;
This selective transport would tend to leave a lag 
deposit of coarser material in the. north while simul­
taneously concentrating a fine, angular population at 
the southern extremity of the study area, which is bounded 
by the mouth of the Chesapeake Bay.
The strong tidal currents of the Chesapeake Bay
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Entrance must serve as an absolute barrier to southward 
transport of sand out of the study area; Sanford (1970) 
reports longshore transport to the north along the 
Virginia coast immediately south of the bay entrance. 
Southerly migrating fine sand would therefore be trapped 
and accumulating off Smith and other southern islands due 
to ebb tidal current action through the mouth of the bay. 
Possible evidence for such accretion is provided by the 
progressive broadening of the inner shelf south of 
Wachapreague Inlet and by the documented 400 percent 
increase in exposed area of Fisherman's Island during the 
last century (Byrne, personal communication, 1973).
The above model is simple and thus tempting, however, 
it is critically dependent upon a drastic change in energy 
available for longshore drift north and south of 
Wachapreague Inlet to account for the anomolous rapid 
changes in grain size and angularity in that inlet's 
vicinity. Such longshore variation in available energy 
is not in evidence; thus, the writer feels a single 
sediment-source model inappropriate to the region.
Structural Uplift— An Hypothesis
As an alternative model, the writer proposes separate 
source areas for the rounded, coarse sand population in 
the north and the angular, fine population in the south. 
The proposed model requires consideration of structural 
aspects of the Delmarva Peninsula which have only recently
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been brought to attention by several investigators 
(Harrison et al., 1965; Taylor et al. , 1968; Sabet, 1973; 
and DeAlteris, 1973).
Harrison et al. (1965) grasped the significance of 
numerous bits of data which, when synthesized, suggest 
uplift of the Chesapeake Bay Entrance since the late 
Pleistocene. Their conclusions were based on geophysical, 
stratigraphic, and Carbon-14 dating evidence. As that 
paper succinctly provides an explanatory mechanism for 
several otherwise unresolved points in the present work, 
it is appropriate that a review of its conclusions be 
presented:
Geologic studies at three localities in the 
vicinity of Chesapeake Bay Entrance provide 
evidence suggestive of overall crustal uplift 
since 15,000 years B.P. Because three independent 
lines of evidence . . . (1) Uplift by some 170
feet of the ancient Susquehanna River channel in 
the vicinity of Cape Charles relative to the 
currently observed thalweg of the river near 
Annapolis, Maryland (Ryan, 1953 and Hack, 1957);
(2) Appearance of peat in well borings appear 
today some 160 feet higher in the strategraphic 
record than they should, assuming that Shepard's 
(1964) eustatic sea level curve for stable areas 
is correct; and (3) The exposure on Hog Island 
of a seaward-facing outcrop of peat and mollusk 
shells carbon dated at 2,000 years B.P. (Rusnak, 
Bowman, and Ostlund, 1963), which is now elevated 
to five feet above sea level . . . all permit a 
similar interpretation. . . . The crust in the
immediate vicinity of the Virginia Capes, and 
probably along the entire Virginia coast to 
somewhat north of Hog Island, has undergone some 
160 feet of uplift since at least 15,000 years B.P.
Harrison cites the former work of Woollard (1958)
who, on the basis of interpretation of earthquake
epicenter data, independently hypothesied an arcuate
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fault sweeping southeastward across the Delmarva Peninsula 
(Figure 7), interestingly, through the Wachapreague Inlet- 
Cedar Island area. This fault, if real, can easily be 
envisioned as the northern limit of the uplifted southern 
portion of the Peninsula proposed by the author.
Taylor et al. (1968) present aeromagnetic data in 
the study area collected by the U.S. Naval Oceanographic 
Office (Figure 7). These data reveal a positive magnetic 
anomaly centered on the upthrust portion of the southern 
Delmarva Peninsula postulated by Harrison, et al (1965). 
Sabet et al. (1973) detected this same magnetic anomaly 
by means of terrestrial rather than airborne measurements.
In addition to this magnetic information, they 
simultaneously collected closely spaced gravity measure­
ments which reveal the gravitational topography (10 
milligals, maximum relief) of the peninsula to closely 
correlate with its magnetic topography (150 gammas, 
maximum relief); for every magnetic high or low they 
found a corresponding gravity high or low. This suggests 
one of two common causes— either basement altitude control 
(assuming uniform basement composition) or a flat basement 
surface locally intruded by dense, magnetically sensitive 
material. Sabet et al. (1973) propose the former, inter­
preting a major basement fault extending seaward through 
the town of Exmore (Figure 7). This feature parallels 
the proposed arcuate fault of Woollard (1958) and is 
offset from it by only a few kilometers to the south. It
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is reasonable therefore to assume that these possible 
faults are identical or, at least, that they define the 
general vicinity of a fault zone. The inclination of 
the earth's magnetic field (70°) at this latitude would 
tend to geographically displace the magnetic trace of the 
fault (anomoly) somewhat to the south of its actual 
location, that distance depending on depth to the 
anomoly (Zeitz, personal communication, 1974) relative 
to that of the sensing magnetometer (sea level).
Because the author's suite of foreshore samples had 
revealed a textural boundary (Figures 2, 3, and 4) near 
Wachapreague, which also suggests, or can be explained 
by the existence of a fault or fault zone, additional 
evidence was sought from the continental shelf which 
might allow detection of the seaward extension of the 
suspected fault zone.
Nichols (1973) presents the general distribution 
of inner shelf surface sediments. His map reveals 
coast-parallel lineation of sand and gravel. Nichols' 
conclusions were drawn independently of any assumption 
of the existence of a fault through the area. Therefore, 
when observed together (Figure 7) with Taylor's (1968)
t
magnetic data and Sabet*s (1973) proposed fault trace,
i
his textural distribution map strengthens the case fox' 
existence of the fault zone. It seems that Nichols' 
long shore-lineated sand and gravel belt is truncated 
by fine, angular sand which is currently being
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contributed by uplift on the southwest side of the 
transition zone.
Further supportive evidence is provided by close 
inspection of the excellently detailed bottom contour 
chart of the Virginian Sea produced by the Virginia 
Institute of Marine Science (Goldsmith et al., 1974).
An offset in contours between the eight and twelve 
fathom contours (16-24 meters) is detectable which 
closely correlates geographically with the proposed 
fault and independently recontoured size data provided 
by Nichols.
DeAlteris (1973), accepting the historical sea 
level curves summarized by Shepard (1963), calculated 
and proposed a minimum uplift at Wachapreague Inlet of 
92 m (310') between 18,750 and 3,500 years B.P. (Before 
Present). His findings are based on radio-carbon datings 
of intact shells recovered from bore holes. The physical 
state of these shells precludes significant transport 
of the dated fossils and suggests that they may be 
considered paleontologically representative of the 
shallow marine environment which existed at Wachapreague 
some 19,000 years B.P.
DeAlteris (1973) goes on to point out close 
correlation of his uplift calculations with time- 
strategraphic horizons which may be inferred from the 
east-west cross sections of the Eastern Shore of Virginia 
provided by Sinnot and Tibbets (1969) / which indicate
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upwarp of the base of the Miocene-aged Chesapeake Group 
amounting to 122 m (4001) at Wachapreague Inlet.
The factual and circumstantial evidence in favor of 
uplift and a possible fault zone seem to outweigh argu­
ments against this mechanism. The author therefore 
proposes it as the probable cause for the abrupt varia­
tion in beach sand textural properties observed near 
Wachapreague Inlet on the northern Virginia barriers.
, Subregional Considerations 
Having demonstrated the probable existence of three 
geologically distinct subregions, an examination of the 
textural characteristics of the islands which comprise 
each of these subregions (Northern Spit, Central Inlet- 
Marsh, and South Inlet-Marsh) is appropriate. Referral 
to Figures 1 and 2, and Appendix I will assist the 
reader in locating geographic and textural features.
The Northern Spit
The Virginia portion of Assateague Island comprises 
the southern 33 km of an 81 km-long barrier. It is a 
continuous sand beach which extends from Ocean City, 
Maryland, to Chincoteague Inlet. The island varies in 
width from 0.3 to 1.7 km.
The author observed "relict" beach and dune ridges 
on Chincoteague Island in early 1972, however these 
features have since been largely obliterated by a housing 
development. The presence of these features indicates that
31
this island at one time openly faced the Atlantic Ocean. 
It has subsequently been captured by the southward 
extension of Assateague Island which by 1850 had accreted 
only as far south as the southern tip of Chincoteague 
Island (Gwane, 1966? Turner, 1970; Biggs, 1970? and 
Harrison, 1972). Since 1850 the barrier has grown 
further to the south and west, forming Fishing Point, 
a large recurved spit.
Mean diameter of foreshore sand along Assateague 
diminishes from 0.31 mm (1.7 0) at the Maryland line to 
0.21 mm (2.2 0) at Fishing Point. A local concentration 
of anomolously coarse, iron-stained, quartz sand (maximum 
x = 0.54 mm, 0.9 0) exists on the foreshore in the 
southern half of the Virginia sector of the island.
The abundance of this coarse sand is such that its 
presence effects bimodality of sample size distributions 
in the vicinity of the public beach parking lot. It was 
suspected initially that this material had been 
artificially introduced as a defense against erosion. 
However, the Department of the Interior, U.S. Army Corps 
of Engineers, and local residents all report (personal 
communication, 1972) that there has never been any such 
filling on Assateague.
Is this material an exposure of Pleistocene sediment 
which once lay seaward of Chincoteague Island? Has the 
documented southern progression of Assateague (Gwane,
1966? Byrne, 1973) brought this relict sediment into the
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modern hydraulic field so that it is currently being 
mixed with the Holocene sand sheet in the manner of a 
palimpsest sediment described by Swift, et al (1971) 
as, " . . . one which exhibits petrographic attributes 
of an earlier depositional environment and, in addition, 
petrographic attributes of a later environment?"
Alternatively, does this coarse sand delineate the 
northern boundary of a paleochannel of the Pleistocene 
Susquehanna River hypothesized to have previously crossed 
the Delmarva Peninsula by Harrison (1972). Resolution 
of this question will no doubt require subbottom 
profiling of the area in the future.
This coarse, iron-stained material on Assateague is 
apparently being reworked and folded into the modern sand 
sheet in-situ. As a concentrate, it has never been 
found more than two miles north or south of the public 
beach parking lot according to R. D. Baker (personal 
communication, 1972) who is the Senior Lifeguard at the 
facility. The author was unable to detect it south of 
Fishing Point. It is possible that some of the material 
manages to bypass Chincoteague Inlet, however, this fact 
could not be firmly established because of potential 
masking by artificial fill which is placed on the dunes 
of Wallops Island. This fill is trucked in from ^ " 
Pleistocene mainland supply pits and is, unfortunately, 
coarse and quite iron-stained itself (Jones, NASA, 
personal communication, 1972).
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Central Inlet-Marsh Province
General Statement. Harrison (1972) reports that the 
barrier and peninsular sediments found along and adjacent 
to the central inlet-marsh barriers (Wallops to Cedar 
Islands) are formed of Pleistocene river deposits which 
are mineralogically tracable to the Appalachian highlands. 
This evidence strongly suggests that the Susquehanna and 
Potomac Rivers cut across the peninsula during the 
Wisconsin glacial sea lowering. The author has not per­
formed detailed mineralogical analyses of beach samples 
from this area but did note similarity between Pleistocene 
sand trucked in and placed on Wallops and that which was 
exposed off the public beach on Assateague. The proposal 
that the sediments of this area were deposited in a 
paleochannel of the Susquehanna is tempting and certainly 
not at odds with the writer's conclusions. Sub-bottom 
profiling of the contiguous shelf might shed significant 
light on the possible existence of such a former river 
and possibly reveal the evolutionary history of the 
peninsula, shelf, and both Norfolk and Washington 
canyons.
Wallops Island. Wallops is the northernmost of 
those inlet-marsh barriers which are oriented concave 
to the sea. The island serves as a rocket launch 
facility for the National Aeronautics and Space
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Administration. Its four launch pads were nearly swept 
away during the 19 62 Ash Wednesday Storm. Since that 
time, a longshore bulkhead and numerous groins have 
been constructed in an apparently successful effort to 
protect the island from further erosion. For this 
reason, Wallops cannot be considered to lie in a natural 
state. Its eroded dunes lie at the high water line and 
are bolstered, as necessary, with Pleistocene fill, 
trucked in from the mainland, according to discussions 
(1972) with Mr. Harry Jones of NASA.
Chincoteague inlet apparently forms an effective 
barrier to southward sand transport. The northern end 
of Wallops is thus deprived of a significant up-drift 
source of coarse material. As a result, there is a large
4
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drop in grain size across Chincoteague Inlet. Mean 
grain size at the southernmost station on Assateague is 
0.25 mm, whereas the northernmost station on Wallops it 
is only 0.13 mm, or half the size of the station to the 
north.
Moving south along Wallops Island, mean grain size 
remains small until it increases at station 5. Here, and 
to the south, artificial fill has been placed on the 
beaches and is retained effectively in place by a 
series of groins.
Assawoman and Metomkin Islands. South of Wallops 
Island are located Assawoman and Metomkin Islands. These
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thin barrier strips are about 2.5 and 4.0 km long, 
respectively, and are uniformly about 0.1 km wide.
Scattered dune remnants, separated by washover fans, 
are of subdued relief and are commonly marked by wave- 
cut scarp faces on their seaward sides. Vegetation, 
limited to patches of dune grass, is sparse to non­
existent.
Mean foreshore grain size on Assawoman averages 
0.23 mm, varying from about 0.35 mm near the tips to a 
low of 0.16 mm in the central portion of the island.
This drop may be attributable to the fact that at the 
time of sampling, the dunes at station 4 were coincident 
with the foreshore and therefore sampled as such. Stations 
5 and 6 lie in the vicinity of a temporarily filled, yet 
apparently often bieached inlet, which has given rise to* 
a tidal flat on the lagoon side of the inlet. Mean grain 
size on the Metomkin foreshore fines southward from 0.33 
mm in the north to 0.20 mm at its southern end, averaging 
about 0.2 9 mm.
Cedar Island. Cedar Island is located to the south 
of Metomkin Inlet. The beach is bout 14 km long. Near 
its northern tip, the island has a maximum width of 1 km 
and has its highest dune elevation of 6 meters. South of 
this point, the beach immediately narrows to about 0.3 km 
in width.
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Along this beach, as on Assawoman and Metomkin, the 
dunes are less than 3 meters high. Washovers are quite 
common, most conspicuous of which is a currently closed 
inlet located 3.3 km north of the island's southern tip. 
Although it has been filled with sand for the last 10 
years (Byrne, personal communication, 1973), it has 
historically been open during and shortly after storms 
according to Newman and Munsart (1968) .
Mean grain diameter on the Cedar Island foreshore 
ranges from 0.29 mm to 0.20 mm, generally decreasing 
from north to south. Average mean diameter for the entire 
foreshore is about 0.25 mm.
The sharp acceleration in the rate of southward 
grain size decrease on the foreshore of the southern half 
of Cedar Island may simply reflect recent erosion of the 
island's southern dunes and mixing of such fine material 
into the foreshore. More probably, it reflects structural 
uplift of the lower Delmarva Peninsula which was discussed 
under regional consideration.
Southern Inlet-Marsh Province
Parramore Island. Parramore Island is the northern­
most of those barriers which comprise the southern 
inlet-marsh barriers- The northern half of the island 
appears to be far more permanently established than the 
receding islands to its north, displaying relict dunes 
and beach ridges. The most prominent feature of the
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island is Italian Ridge which has a maximum relief of 
about 10 meters. This elevated dune formation rises 
from the north end of the island and diverges south- 
westward from the axis of the present-day shoreline. 
Seaward of the ridge, the shoreline is prograding, 
protecting it and other relict features which are intact.
The southern portion of the island is less stabilized 
than is the north, displaying dramatic signs of recent 
erosion and wave washover. As was noted by Newman and 
Munsart (1968), the author found numerous live oak tree 
stumps in the central portion of the island, however, 
at the time of the present study, they appeared in the 
foreshore rather than behind the berm. The writer's 
observations support the conclusion of Newman and Munsart 
(19 68) that the island's shoreline here and to the south 
is retrograding across former marsh areas. Foreshore 
mean grain size on Parramore decreases southward from 
0.20 to 0.15 mm, averaging about 0.18 mm.
Hog Island. Hog Island is offset to the southeast 
from the southern end of Parramore, and is strikingly 
similar to the latter in general configuration and 
alignment. On its northern third, numerous protected 
relict ridges are encountered, however, they are of
id
subdued relief and are not so conspicuous as is Italian 
Ridge on Parramore. Between the relict ridges and the 
secondary dunes of the present beach lies a broad, 
swampy area which is open to the sea at high water via
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a channel located at the southern limit of the accreting 
portion of the beach. The writer encountered "quicksand" 
on the beach in the area of this tidal channel and was 
forced to move inland to get around it.
The southern portion of Hog is characterized by 
much firmer sand on the foreshore, which narrows im­
mediately south of the tidal channel. A snow fence has 
been erected parallel to the shoreline along the southern­
most two km of the island, apparently to minimize erosion 
and recession. The southern portion of Hog, like 
Parramore, reflects heavy erosion and rapid retreat 
with scarped and eroded dunes which are dissected by 
numerous washovers. A series of telegraph poles was 
observed to extend in a north-south line across the 
beach and out into the surf, indicating that the southern 
portion is receding landward, the rate increasing to the 
south. Byrne’s (1973) shoreline recession rates indi­
cate that the southern end of Hog has shifted about one 
mile landward since 1900. The ruins of a small fishing 
community that was washed out in a 1933 storm now lie 
far beyond the surf zone (Callahan, et al., 1970). 
Foreshore mean grain size on the island varies from 
0.19 mm in the north to a minimum of 0.13 mm in the 
south, averaging about 0.17 mm.
Cobb Island. Cobb Island is offset to the southeast 
from Hog, just as Hog is offset from Parramore. At the
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time of the present study, the north end of this island 
appeared to be retreating landward as evidenced by 
massive exposures of marsh peat on the lower foreshore. 
However, as of May, 1973, two years after the writer's 
fieldwork, a large sand mass had accreted at its northern 
end (Byrne, personal communication, 1973), so that it 
had become quite similar in configuration to Hog and 
Parramore Islands.
Peat is intermittently exposed on the foreshore 
along the southern length of the island, suggesting that 
this portion is retreating in fashion similar to the 
southern sectors of both Hog and Parramore. Mean 
foreshore grain size varies from 0.20 mm near the 
northern and southern limits of the island to a minimum 
value of 0.14 mm which is gradually approached in the 
central portion of the island. Average mean diameter 
for the entire foreshore is about 0.17 mm.
The decrease in mean size in the central portion 
of Cobb Island may reflect the presence there of an 
inlet which is noted to have existed in 1869 (Byrne,
1973). Prior to that time the north and south portions 
of Cobb were separated for an undetermined period of time.
Wreck, Ship Shoal, and Myrtle Islands. These small 
islands may be considered to be no more than transient 
strips of barrier beach, less than 0.2 km wide. Lack of 
significant dune or ridge formation and vegetation
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attests to their transient nature. It appears that they 
are easily modified by waves and longshore and tidal 
currents which may seasonally build or destroy them. 
Elevation above high water is not more than a meter.
The mean of mean foreshore size on these beaches is 
0.14 mm on Wreck, and 0.17 mm on Ship Shoal and Myrtle 
Islands.
Smith Island. The northern two-thirds of Smith 
Island is similar in appearance to its three small 
neighbors to the north. Minor inlets and gullies which 
dissect the island may migrate, open, or close, subject 
to changing oceanographic conditions. On the occasion 
of the writer's reconnaissance of this beach, numerous 
small channels and marshy spots hampered movement, and 
washover fans were observed which had carried foreshore 
and dune material far back into the marsh. A normally 
closed inlet located 6.6 km south of the northern end 
of the island was open to a width of 10 meters and an 
estimated depth of 3 meters.
The southern third of Smith Island does not appear 
to have suffered significant recent erosion, however, 
Byrne (1972) has demonstrated an average historical rate 
of retreat of 25 feet per year for at least the last 
century.
In the south, the primary dunes seem to be 
relatively intact, supporting a heavy growth of beach
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grasses. This fact and the presence of secondary dune 
lines behind the primary dunes suggest current stability 
of the area. Foreshore mean diameter on Smith ranges 
from 0.18 to 0.15 mm, averaging 0.16 mm.
Fishermans Island. Fishermans Island is the 
southernmost feature in the study area. Lying in the 
entrance to Chesapeake Bay, it supports a span of the 
Chesapeake Bay Bridge Tunnel, which connects the Virginia 
mainland at Norfolk with the southern tip of the Delmarva 
Peninsula.
The island is protected from attack by northeasterly 
Atlantic storm waves by Smith Island. It is of low relief 
and is well established on its western side, as evidenced 
by an abandoned, yet structurally sound military facility 
of apparent World War II vintage. The eastern half of 
the island appears to be rapidly accreting to seaward. 
Byrne (197 3) reports a 400 percent increase in the 
island's area since 1852. This is further suggested by 
a very broad southeast foreshore which protects the 
dunes from wave attack.
Beach Zone Differentiation
As mentioned in the field methods section, Assateague 
Island was grid-series sampled in order to determine the 
reliability with which different beach zones may be 
identified on the basis of their individual and/or 
collective grain size distribution measures. This
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island was sampled both prior to and immediately after 
the storm of 6 April 1971 which destroyed much of the 
physical zonation of the beach, eroding it to a greater 
degree than had any storm in the previous several years 
according to R. C. Cherrix of the Wildlife Refuge. 
Accordingly, the pre-storm suite of samples was 
selected for zonal variation analysis.
Inspection of Mean Diameters
Comparative sample statistics for all zones were 
grid-serially plotted against distance south of the 
Maryland state line. Unfortunately, the intrazonal 
variation was so great that it masked any interzonal 
variation which might have been diagnostic. No con­
sistent sediment size relationships could be established 
which would allow zone identification except that sand 
was generally noted to be finer in the dunes than 
elsewhere.
The above inspection of individual values having 
failed as a diagnostic tool, correlation scatter diagrams 
were constructed to investigate possibly significant 
relationships between phi-moment measures computed for 
Assateague pre-storm samples (Figures 8-13). On each
figure, five scatter diagrams are presented? the center
t;
is a composite plot for specified moment values of all 
samples, regardless of the zones from which they were 
collected. This plot is then broken down into individual
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scatter diagrams of the same moment values for samples 
collected from the upper foreshore, berm crest, 
backshore, and dune zones, respectively.
Correlation of Mean Diameter with 
Standard Deviation
In general, sorting is inversely related to mean 
grain size (Figure 8). This is in agreement with the 
findings of Folk (1962) who found a similar relationship 
to hold in calcareous sands on Mexican beaches. Dune 
sands are well sorted regardless of variation in mean 
grain size. Sorting in backshore, berm, and foreshore 
sands improves from moderate to good as mean grain size 
decreases. This inverse relationship applies whenever 
mean grain size exceeds 0.35 mm (1.5 &). Sorting is 
always good to excellent in sands finer than 0.35 mm.
Mean Grain Size vs. Skewness
Skewness is possibly related to mean grain size 
(Figure 9), however, this relationship is non-linear 
and rather difficult to perceive, much less meaningfully 
evaluate. Few samples are symmetrically distributed 
about the mean. Roughly half of the samples are coarse 
to strongly-coarse skewed, while .the other half are fine 
to strongly-fine skewed. This suggests that most of 'the 
Assateague beach sands tend to contain excessive amounts 
of either coarse or fine material. This may reflect 
either local mixing of modern and palimpsest sand 
populations or hydrodynamic sorting within the
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sampling grid.
Mean Grain Size vs. Kurtosis
Kurtosis, like skewness, is not diagnostically 
related to mean grain size (Figure 10) for samples 
finer than 0.35 mm (1.5 0). Curves are generally 
mesokurtic, however, there appears to be a slight 
tendency for size distributions to become somewhat more 
platykurtic with increasing size beyond this value.
The tendency of the plotted values for all samples 
to group about a central axis in the medium sand range 
and the relative abundance of higher (lepto) kurtosis 
values on this axis indicate that the medium sand mode 
is dominant on the island and that significantly coarser 
sand sediment is subordinate (Folk and Ward, 1957) , 
further suggesting a local coarse sand supply, foreign 
to the medium sized matrix material.
Other Correlation Diagrams
No significant correlations between the higher 
statistical moment measures (standard deviation, skew­
ness, and kurtosis) are apparent from an inspection 
of Figures 11-13.
These data, however, are presented in the hope
t
that they may prove useful to other investigators.
The author concludes that no profit may be gained by 
further massaging and laboring over them to the end 
of expeditiously differentiating beach zones.
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Moment Correlation Conclusions
With the guarded exception of dune sands, beach 
zones within the study area cannot be satisfactorily 
differentiated, much less identified, on the basis of 
correlation scatter diagrams of momental values plotted 
against one another. Of the four moment measures only 
mean grain size and possibly standard deviation might 
prove useful as zone identification tools. Table III 
lists the several conclusions reached during the course 
of this endeavor, however, the author feels that they 
are of minor significance.
Anan (1971) conducted experiments which similarly 
tested the degree to which one may discriminate between 
beach zones through statistical grain size analysis.
His results suggest that much of the current author's 
failure is attributable to inappropriate sampling 
technique. Anan arrived at conclusions similar to those 
of the author when he attempted to differentiate his 
"Type-B" samples which were also shallow beach sand 
cores, some 7 cm in depth. Anan feels that there is an 
"averaging" effect induced by such technique which can 
be eliminated by collecting time-equivalent ("Type-A") 
samples, which are comprised of grains from a layer 
only one grain diameter in thickness.
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TABLE III
IDENTIFICATION OF BEACH ZONE BY CORRELATION OF 
STATISTICAL MOMENT MEASURES
Condition Conclusion
coarser than 1.25^ (0.42 mm) 
0 greater than 0.5^
Skewness less than 0.3 
greater than 0.7^
greater than 0.5^ (1.4 mm) 
Kurtosis is non-diagnostic
Not from dune
Not from dune
Not from dune
From upper foreshore 
or berm
From berm
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Students1 "T" Test
The students' "T" test of significant difference 
between paired sample means was ultimately employed to 
determine the certainty with which beach zones along 
any one transect on Assateague may be differentiated.
To perform the "T" test for significant differences 
between the four zones sampled, each zone was considered 
to be a statistical population. Samples collected along 
beach transects from each population (zone) were pair- 
mean tested in all possible combinations for significant 
difference, according to the test criterion provided 
in the methods section.
On the basis of mean grain size alone, the foreshore, 
berm, and backshore are so similar that they cannot be 
distinguished from one another with a significant degree 
of confidence. However, mean grain size in the dunes 
is so significantly different from that in all other 
zones that samples from them may be distinguished with 
excellent probability (.95) from the rest of the adjacent 
beach (Table IV). The test results suggest that the 
sands on the foreshore, berm, and backshore might better 
be considered to represent a single population, the 
"beach zone."
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TABLE IV
ASSATEAGUE ISLAND PRE-STORM SAMPLES, BEACH ZONE 
DIFFERENTIATION BY APPLICATION OF STUDENTS' "t" 
TEST FOR SIGNIFICANT DIFFERENCE BETWEEN PAIRED 
SAMPLE MEAN GRAIN DIAMETER VALUES
F 'shr/ F 'shr/ F 'shr/ Berm/ Berm/ B 'shr/ 
Berm B'shr Dune B'shr Dune Dune
Number of Sample
Pairs 15 15 15 15 15 15
"t" (critical at
0.05 signifi­
cance level) 2.145 2.145 2.145 2.145 2.145 2.145
t" (calculated) 0.072 1.229 4.030 0.981 3.261 2.929
Difference
Significant? No No Yes No Yes Yes
49
Storm Changes
General Statement
As mentioned in the Field Methods Section, several 
of the islands were sampled prior to and immediately 
after the storm of 6 March 1971. The storm abated 
during the night of 6-7 March, enabling the author to 
resample Assateague and Wallops Islands on 7 March 1971. 
Parramore resampled until 9 March 1971.
Assateague Island
The Chincoteague National Wildlife Refuge kindly 
provided Mr. Robert E. Cherrix and a vehicle for the 
resampling of Assateague Island. Mr. Cherrix noted that 
this storm had eroded the beach, particularly, the primary 
dunes, to a greater extent than any other in the last 
several years. Most zonation of the beach had been 
destroyed by the storm's 4-5 meter surf and 40-60 knot 
winds. The seaward faces of the dunes were deeply surf- 
scarped and many had been completely washed away. It 
appeared that a very great volume of sand had been eroded 
from the beach and deposited offshore, where waves were 
breaking on a long-shore bar some 100 meters seaward of 
the beach.
Figure 14a presents mean grain diameters for samples 
collected from Assateague before and after the storm.
It is probable that much fine material (from the dunes) 
was washed out onto and mixed into the foreshore sand.
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Although coarse, relict sand had not been conspicuously 
present before the storm, it certainly was afterward.
This is no doubt due to exposure of the Pleistocene, 
iron-stained, coarse grains by the storm surf.
Wallops Island
Wallops Island was resampled in the late afternoon 
of 7 March 1971. Flooding of the northern end of the 
island made the previously sampled northernmost station 
inaccessible. Trucks were adding artificial fill from 
the mainland just north of station 4 where storm waves 
had broken through the dune-bulkhead and carried much 
material inland. The groin system apparently had pro­
tected the rest of the coast from significant erosion.
Figure 14b presents mean grain diameters for samples 
collected from Wallops before and after the storm. Little 
or no fining of the foreshore sand had occurred, suggesting 
that not much dune/fill was washed out onto the foreshore. 
Some washout occurred in the vicinity of stations 7 and 8, 
however this material was trapped by the groins at 
station 9.
Parramore Island
Parramore Island was resampled on 9 March 1971.
The seaward faces of the dunes were scarped to a height 
of almost two meters, as they had been on Assateague to 
the north. The hull of a large wooden sailing ship, 
which had been exposed on the foreshore prior to the
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storm, could not be located. Possibly it had been 
eroded and carried offshore by the storm; alternatively, 
the vessel may simply have been buried beneath eroded 
dune sand. The second possibility is more probable as 
the ship was rediscovered the following winter by a 
diver/beachcomber, Mr. R. J. Doubt, who related this 
information to the author in 1974. Mr. Doubt feels 
that the hull is a relatively stationary object, having 
noted its hold to be laden with ballast stones.
Figure 14c presents the mean grain diameters for 
samples collected from Parramore before and after the 
storm. As on Assateague Island, a definite fining of 
sand in the foreshore is apparent after the storm. This 
fact, and the presence of scarping of the seaward faces 
of the dunes after the storm suggest that much material 
was removed from the dunes and deposited in the fore­
shore during the storm.
CHAPTER IV
CONCLUSIONS
The Virginia portion of the southern Delmarva 
Peninsula barrier islands should properly be separated 
into three subregions which are defined by structural, 
geomorphologic, strategraphic, bathymetric, and 
textural properties.
The northern subregion, Assateague Island, is a 
long convex spit which extends to the south and west 
and is nourished by the eroding Delaware headland. It 
is bounded to the south by Chincoteague Inlet which 
apparently forms a barrier to the continued southward 
transport of sediment.
The central subregion is characterized by a series 
of barriers which are oriented concave to the sea and 
are rapidly retreating landward over adjacent, backing 
marshes. This retreat is felt to be due to the interrup­
tion of updrift sand supply from Assateague by the tidal 
currents of Chincoteague Inlet. It is possible that this 
subregion represents the filled and uplifted, paleochannel 
of the Pleistocene Susquehanna and Potomac river system.
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Wachapreague Inlet best geographically delineates 
the transitional boundary between the central subregion 
and the southern subregion, which is a probable area of 
uplift and possibly a fault block. Existence of this 
uplifted subregion is suggested by various direct and 
indirect lines of evidence which include the following:
1. 48-meters uplift (minimum) since 15,000 B. P., 
deduced from consideration of thalweg depths of the 
Susquehanna River (Harrison, 1965).
2. Reporting of uplifted marsh facies deduced by
14consideration of C dating of shells from bore holes. 
(Harrison and Rusnak, 1962; Harrison et al., 1965, 
and DeAlteris, 1974).
3. Elevated oyster and clam shell beds (Harrison 
et al., 1965 and DeAlteris 1974).
4. Earthquake epicenter data indicating presence 
of a fault in the vicinity of Wachapreague Inlet 
(Woollard, 1958).
5. Magnetic and gravity data which may be 
interpreted to indicate rough basement topography 
and probable uplift in the extreme southern Delmarva 
Peninsula (Taylor et al., 1968 and Sabet, 1973).
6. Apparent longshore facies change in beach 
sediments, reflected by regionally-abrupt change in 
grain size and roundness (current work).
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7. Similar facies change in inner shelf sediments 
(current work, after Nichols 197 3).
3. Bathymetric expression of the postulated 
fault zone on the inner shelf (current work, after 
Goldsmith et al., 1973).
Beach sands on the barrier islands gradually 
decrease in size southward from the Maryland State 
Line to the vicinity of Wachapreague Inlet where a 
sharp drop takes place over a quite short distance, 
encompassing both south Cedar and north Parramore 
Islands.
Uplift to the south of Wachapreague Inlet may be 
employed as a controlling mechanism to explain this 
sudden drop in grain size and the increase in grain 
angularity which is noted further to the south.
On Assateague Island, zones lying seaward of the 
dunes are size statistically inseparable and, therefore 
represent a single sand population which is controlled 
by hydrodynamic forces. Application of student’s "t"- 
test reveals that the dune zone represents a separate 
grain size population, transported and deposited by 
eolean processes. Thus significant difference is found 
to exist between sand populations which are deposited 
by different mechanisms. However, on the basis of size 
statistical parameters alone, one may not conclusively 
identify adjacent dune and beach zones. It is suspected
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that studies of grain roundness and sphericity not 
attempted in this study might prove to be valuable 
tools in the identification of these zones.
Little can be concluded from the observation 
that mean grain size on the foreshore was decreased 
after the 6 March storm other than to speculate that 
such fining was probably due to erosion of fine 
material from the dunes which was mixed into the 
coarser foreshore material. Fining in the foreshore 
may simultaneously reflect hydrodynamic sorting by 
storm waves.
Figure 1 Index map to the Southern Delmarva 
Peninsula, showing barrier islands, 
inlets, subregional axes, and 
5-fathom contour.
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Figure 2. Variation in foreshore grain size
statistical measures.
Key to geographic location: Assateague
I (A), Chincoteague Inlet (B), Wallops 
I (C), Assawoman I (D), Metomkin I 
(E), Cedar I (F), Wachapreague Inlet 
(G), Parramore I (H), Hog I (I),
Cobb I (J), Wreck I (K), Ship Shoal 
I (L), Myrtle I (M), Smith I (N).
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Figure 3. Variation in dune grain size
statistical measures.
Key to geographic location: Assateague
I (A), Chincoteague Inlet (B), Wallops 
I (C), Assawoman I (D), Metomkin I (E), 
Cedar I (F) , Wachapreague Inlet .(G) , 
Parramore I (H), Hog I (I), Cobb I 
(J), Wreck I (K), Ship Shoal I (L), 
Myrtle I (M), Smith I (N).
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Kurtosis
Figure 4. Comparison of mean diameter and 
standard deviation in foreshore 
and dune sands.
Key to geographic location: Assateague
I (A), Chincoteague Inlet (B), Wallops 
I (C), Assawoman I (D), Metomkin I (E), 
Cedar I (F), Wachapreague Inlet (G), 
Parramore I (H), Hog I (I), Cobb I 
(J), Wreck I (K), Ship Shoal I (L), 
Myrtle I (M), Smith I (N).
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Figure 5 Correlation of mean grain diameter 
with (a) standard deviation and 
(b) skewness in foreshore sands.
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Figure 8 Mean grain size versus standard 
deviation.
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Figure 9 Mean grain size versus skewness.
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Figure 12. Standard deviation versus kurtosis.
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size on Assateague, Wallops, and 
Parramore Islands due to the storm 
of 6 March 1971.
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A  : Pre-storm samples 
O : Post-storm samples
APPENDIX I
KEY TO AUTHOR'S SAMPLING OP THE VIRGINIA BARRIER ISLANDS
Assigned station 1 on each island is located at the 
northeast tip of the island, unless otherwise noted 
under remarks. Similarly, the highest sample number in 
each suite is located at the island's southwest tip, 
unless otherwise noted under remarks. Distance between 
station positions is approximately 0.9 km (0.5 mi.) with 
a maximum estimated cumulative error between checkpoints 
of + 50 meters. Check points are noted under remarks.
Sample
Island Suite Numbers
Assateague Pre-storm 1 - 2 8
Assateague Post-storm 1 - 2 4
Wallops Pre-storm 1 - 1 2
Wallops Post-storm 2 - 1 2
Assawoman Post-storm 1 - 8
Metomkin Post-storm 1 - 1 4
Remarks
Station 13 opposite 
causeway
Station 18 opposite beach 
parking lot
Station 13 opposite 
causeway
Station 18 opposite beach 
parking lot
Vehicle unable approach 
4 southernmost due 
soft sand
Station 8 opposite radio 
tower
Station 1 not occupied 
due washed out access 
road
Station 8 opposite 
radio tower
Stations 10 and 11 
separated by wide 
inlet leading into bay
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Island Suite 
Cedar Post-storm 
Parramore Pre-storm
Hog Post-storm
Cobb Post-storm 
Wreck Post-storm 
Ship Shoal 
Myrtle 
Smith
Fishermans
Sample
Numbers
1 - 15
1 - 1 7
1 - 1 5
1
1
1
1
1
14
7
5
5
16
Remarks
Station 5 opposite 
cupola/gun club
Station 9 opposite end 
of jeep trail
1 - 6
Stations 6 and 7 separated 
by Bungalow I Inlet
Sampled counterclockwise 
from southwest
APPENDIX II
SAMPLE CODING SHEET, STEP PRINT OUT, AND SAMPLE DATA 
LISTING SHEET FOR SEDIMENT SIZE STATISTICS 
COMPUTER PROGRAM
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